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Background of the Invention 



The present invention is directed to manufacturing, 
testing, and operating a control platform based on 
communicating sensors and control devices. 

The processes involved in building a chiller range 

25 from obtaining the required parts, correctly installing and 

assembling the parts, and verifying that the chiller was 
assembled correctly and functions in accordance with the 
customer's specified requirements. To support these processes, 
communication connections are needed to component supplier 

3 0 development systems, to sales order entry, to manufacturing 

method sheets and to manufacturing performance specifications. 



The information from each of these areas is used throughout the 
assembly process. Accessibility to this information in a 
timely manner, and keeping this information up-to-date are 
crucial to running and maintaining smooth assembly processes. 

Presently the process of verifying the assembly 
process and the final product functionality are very much 
manual . Paper is used as the primary method to determine the 
testing functionality and the performance criteria. Mistakes 
in data entry may go unchecked and remain undiscovered until 
the product is delivered to the customer site. To correct the 
problem with the product at the customer site is not only 
expensive, but it hurts the manufacturer's reputation to 
deliver a quality product . 

Also, today's manual systems do not support 
coordination between the various "build" stations in the 
assembly process. What is more, critical components are 
provided by different suppliers. Without good coordination 
between the stations and the suppliers, there may be errors, 
deficiencies or omissions in the functionality of the product. 
Additionally, without good coordination, a process 
manufacturing organization structure is difficult to support. 

The process becomes more complex if the product 
includes a communications system including digital controls 
interconnected by a bus or the equivalent. 

Products with digital controls are more expensive 
and difficult than they need to be. This is because, in the 
case of specialized equipment, off-the-shelf controllers are 
not available to meet that product's needs. As a result, a 
particular company uses its own controllers with custom 
hardware and fixed configurations of input and output points . 
This means that for a particular product line selling only 



1,000 to 3,000 units a year, the cost of a controller for that 
product line may provide disproportionately high overhead costs 
since a controller generally costs between $500,000.00 and a 
$1,000,000.00 per board to develop. Additionally, development 
of control circuit boards is slow and costly, inhibiting the 
development of new or special control features. Moreover, the 
design life of a particular controller is five to seven years. 
When any single chip used in such a controller becomes 
obsolete, the entire controller and the control system may 
often need redesign. This increases costs for both production 
controllers as well as costs for supporting service parts. 

Furthermore, complex products are sold and 
configured on a job-by- job basis. As a result, there are many 
possible system and control configurations. For a single 
controller to fit all needs, designers are forced to populate 
controllers with the maximum anticipated capacity to control 
all potential control points. Thus, most equipment ships with 
many more control points than the product actually needs. 

Moreover, previous control designs consisted of 
five to ten communicating devices. Although the number of 
network devices was small, many problems were incurred in 
factories when the communications network did not function 
properly. Usually, the factory did not have good tools in 
which to troubleshoot the network problem, and the assembly 
line operators would resort to trial and error replacement of 
electronic modules one at a time until the problem was 
corrected. Not only is this trial and error approach very time 
consuming, it often did not correct the root cause of the 
problem and the customer would therefore receive a product 
which was marginally working since the root cause was not 
corrected. Additionally, since good tools did not exist to 



analyze the communications network, the factory's emphasis was 
to get the devices communicating. There was no assessment of 
actual communication signal levels just the result. Although 
the communications levels were judged adequate at the factory 
to allow communications, typically when the product was started 
at the job site, the marginal communications would fail since 
the signal was lost in the normal electrical noise 
characteristics of the particular job site. This normal 
electrical noise need not have been excessive to interfere with 
a communications system that had no margin for error. A good 
communication system has a large amount of design margin built 
in to allow it to operate in a wide variety of environments. 
Without this margin, the communication systems are susceptible 
to intermittent performance or total failure. Intermittent 
performance and total failure problems are difficult and time 
consuming to troubleshoot in the field, and job sites with 
these problems received a lot of attention since a product or 
process was usually inoperable as a result of the intermittent 
performance or total failure. Also, without good tools in the 
factory, problems were often not discovered until the final 
assembly functional test . 

In addressing all of these problems, sensors such 
as temperature, pressure and level sensors and control devices 
such as valves and actuators have been each packaged with an 
electronic controller into a new unitary device. For purposes 
of this application, such a unitary device is referred to as a 
low level intelligent device or LLID. The low level 
intelligent devices are installed throughout an industrial 
product such as an air conditioning chiller system and are 
interconnected with a four-wire communications bus cable that 
provides each low level intelligent device with the necessary 
power and with communication to a main processor for the 
product . 
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Each low level intelligent device must be provided 
with an identity which the low level intelligent device will 
thereafter use to identify itself when communicating on the 
communications bus and will use in recognizing communications 
5 on a communications bus which are directed to that particular 

component. Additionally, the electronic control portion of 
each low level intelligent device must be provided with its 
appropriate operating parameters. Furthermore, each low level 
intelligent device on a particular communications bus, the 

10 communications bus itself, and the connections of the LL1D to 

the communications bus as well as the identity and operating 
parameters for each low level intelligent device must be 
verified and tested to avoid errors in manufacture and 
operation of the product . 

15 It is also desirable that products include a 

control platform that does not rely upon large, complex and 
multi-chip controller boards. It is desirable that the control 
platform consist of communicating "mini -boards" having only one 
or two control points and functioning as low level intelligent 

20 devices. These low level intelligent devices are building 

blocks that allow the control system to be configured exactly 
as required for the product, per the customer's order. The low 
level intelligent devices are infinitely configurable for new 
applications, thereby providing a hardware design that need 

25 only be designed a single time. Additionally, since the same 

low level intelligent devices are applied in many different 
types of units, there can be significantly higher volumes for 
low level intelligent device than traditional controller 
boards . These higher volumes allow mass production and lower 

30 costs. Since the desired control platform is readily 

configurable, products can be shipped with only the controls 
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needed for the product's particular application and since the 
controller is also configurable, the redesign in addition of 
control points is relatively simple and fast and by breaking 
the system into "granules", the controllers become less 
5 susceptible to obsolence caused by a phase out of any 

particular component. 

What is needed is a versatile tool that, with 
minimal operator input, will verify proper installation of low 
level intelligent devices during the manufacturing process by 

10 monitoring the electrical integrity of each low level 

intelligent device and the comm bus as a whole. The tool will 
also configure each low level intelligent device per customer 
order and verify the functionality of the low level intelligent 
device. Monitoring each individual low level intelligent 

15 device as it's attached to the comm bus will avoid difficulty 

when installing subsequent low level intelligent devices or 
confirming the operation of a communications bus and its 
components as a whole . 

20 Summary of the Invention 

It is an object, feature and advantage of the 
present invention to solve the problems with the prior art. 

It is an object, feature and advantage of the 
25 present invention to avoid potential errors in low level 

intelligent device installation that would cause subsequent 
communication and operational problems. 

It is an object / feature and advantage of the 
present invention to provide a system for manufacturing a 
3 0 product with a communications bus and low level intelligent 

devices. It is a further object, feature and advantage of the 
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present invention to verify proper installation of each low 
level intelligent device at the time the device is installed. 
It is a further object, feature and advantage of the present 
invention to verify proper installation at the time of 
5 installation so as to avoid future difficulties when installing 

subsequent low level intelligent devices or confirming the 
operation of the communications bus and its components. 

It is an object, feature and advantage of the 
present invention to provide a single application that confirms 

10 that the proper connection and configuration of low level 

intelligent device occurs at the time of its installation. It 
is a further object, feature and advantage of the present 
invention to verify wirings, identity and operating parameters 
for each low level intelligent device. 

15 It is an object, feature and advantage of the 

present invention to monitor the integrity of a communications 
system and the installation of a low level intelligent device 
communicating by means of a bus. It is a further object, 
feature and advantage of the present invention to notify an 

20 installer immediately upon the introduction of any wiring or 

device error. 

It is an object, feature and advantage of the 
present invention to improve the efficiency and manufacture of 
control platforms. It is a further object, feature and 

25 advantage of the present invention to avoid a plurality of 

separately dedicated steps for each installed device. It is a 
still further object, feature and advantage of the present 
invention to combine all necessary steps into a two-part 
process comprising a first step of routing a primary bus cable 

30 throughout the product, and a second step of connecting 

individual low level intelligent devices to the bus cable. It 
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is a still further object, feature and advantage of the present 
invention to provide a single application which sequences, 
configures and verifies each low level intelligent devices 
connection to the bus cable, 
5 It is an object, feature and advantage of the 

present invention to build a communications system for a 
product operably controlled by same using a master database to 
obtain all build and test information. It is a further object, 
feature and advantage of the present invention to use this 

10 master database to provide installation sequence and 

instructions to a factory technician. It is a still further 
object, feature and advantage of the present invention to 
support demand flow manufacturing including factory on-line 
sequence of event sheets and method sheets. It is yet a 

15 further object, feature and advantage of the present invention 

to accommodate graphics showing details such as the 
installation area for a particular low level intelligent 
device. It is a still further object, feature and advantage of 
the present invention to provide informative alarm messages to 

20 aid the factory technician in troubleshooting. It is another 

object, feature and advantage of the present invention to allow 
an advanced user to interrogate integrity and power supply 
integrity using a PC based scope analyzer and voltage magnitude 
measurement card. It is yet another object, feature and 

25 advantage of the present invention to check for failure mode 

scenarios and provide the factory technician with corrective 
steps. It is yet another object, feature and advantage of the 
present invention to allow communications from the factory 
technician to an installation sequence controller using a 

30 remote hand held selector. This remote hand held selector 

preferably includes a push button allowing the user to advance 



screens while working on the product at the location of the low 
level intelligent devices installation. It is yet another 
object, feature and advantage of the present invention to 
record failures in a log file for tracking and future quality 
management . 

It is an object, feature and advantage of the 
present invention to confirm the wiring, identification and 
operating parameters for each individual low level intelligent 
device occur properly at the time of installation. 

It is an object, feature and advantage of the 
present invention to automatically download sales order 
information to a central database to be accessible by all of 
the various testers, whether inside of or outside of the 
manufacturer's facilities, thereby ensuring that the correct 
information is available at the point of use during assembly, 
manufacture and testing. 

It is an object, feature and advantage of the 
present invention to allow the testers in a manufacturing 
process to access the central database to obtain any late sales 
order changes and to incorporate them into the normal assembly 
process . 

It is an object, feature and advantage of the 
present invention to read part number information stored in the 
low level intelligence device (hardware and software numbers) 
and compare the numbers read to numbers stored in a controlled 
database. Any discrepancy between numbers read from low level 
intelligence device and numbers stored in database results in 
enunciation of alarm to user. 
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It is an object, feature and advantage of the 
present invention to allow the testers in the manufacturing 
process to obtain the latest configuration data for the product 
being assembled, so that the product is setup and assembled 
5 exactly in accordance with the customer's ordering 

instructions . 

It is a further object, feature and advantage of 
the present invention to include options and operating 
parameters in this configuration data to minimize any setup and 
10 commissioning by the customer prior to using, starting or 

operating the product . 

It is an object, feature and advantage of the 
present invention to provide the exact information needed to 
assemble a product at the assembly point when the product is 
15 there for assembly. 

It is a further object, feature and advantage of 
the present invention to provide a simple identification system 
to the floor assembler to immediately make available the 
information needed to build the product. 
20 It is an object, feature and advantage of the 

present invention to allow for uploads and retention of a 
particular test during assembly to a centralized database. 

It is a further object, feature and advantage of 
the present invention to maintain a file automatically for each 
25 product with the requirements for its assembly and the results 

of the testing for each step of the assembly. 

It is a further object, feature and advantage of 
the present invention that information and results from one 
test or one station to be accessed by other test stations to 
30 minimize the probability of a particular item being missed or 

skipped since all testers know or can view the other tester's 
work . 
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It is another object, feature and advantage of the 
present invention to allow the automatic upload of test results 
into the centralized database to allow a manufacturing engineer 
to analyze the process and take actions to optimize that 
5 process . 

It is a further object, feature and advantage of 
the present invention that the manufacturing engineer have 
available and be able to analyze the items that failed during 
the build and test process as well as assembly and testing and 

10 subsequently in the field. 

It is an object, feature and advantage of the 
present invention to change the process of manufacturing a 
communications system from a process where a human controls the 
process sequence to a process where a computer controls and the 

15 process sequence. 

It is an object, feature and advantage of the 
present invention to provide a way to look at communication 
signals on a communications network and verify that proper 
signals exist. It is a further object, feature and advantage 

20 of the present invention to examine these communication signals 

and accurately identify any part of the signal that does not 
meet specification. It is a further object, feature and 
advantage of the present invention to generate an alarm when a 
problem is detected and suggest corrective actions to resolve 

25 the problem. 

It is an object, feature and advantage of the 
present invention to allow signal analysis of a communications 
network to be undertaken at various stages of assembly as well 
as at the final functional tester. It is a further object, 
30 feature and advantage of the present invention to minimize the 

time troubleshooting on an assembly line and therefore keep 
TAKT times low. 
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It is an object, feature and advantage of the 
present invention to eliminate trial and error troubleshooting 
of communication devices. 

It is an object, feature and advantage of the 
5 present invention to provide a high level of confidence that a 

control network is operating with the desired margins when the 
product is shipped. 

It is an object, feature and advantage of the 
present invention to provide an approach to a localized problem 
10 to the testing device itself, a control network master device, 

any of the control network responding devices, or any of the 
interconnecting communications media. 

It is an object, feature and advantage of the 
present invention to verify acceptable fanout of each 
15 communicating device in a communication system. 

It is an object, feature and advantage of the 
present invention to identify the exact time and exact problem 
that is introduced into the product being assembled. It is a 
further object, feature and advantage of the present invention 
20 to do this with specificity in a distributed control platform. 

The present invention provides a method of doing 
business. The method comprises generating a sales order 
representative of a product; developing build and test 
instructions from the sales order; developing an installation 
25 sequence from the build and test instructions; and building the 

product using the build and test instructions in the sequence 
laid out by the installation sequence. 

The present invention also provides a method of 
manufacturing a control system for an industrial or a process 
3 0 unit. The method comprises providing a plurality of 

components, each component including a control portion and a 
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functional portion with an operational link therebetween; 
installing a communications bus on the unit; verifying the 
operability of the communications bus by means of a tester 
device; initiating, under the direction of the tester device, a 
5 request that one of the plurality of components be attached to 

the bus; receiving a signal from the connected component by 
means of the communications bus; analyzing the communications 
bus and the newly connected component for operability; and 
responding to the newly connected component by means of the 

10 communications bus with instructions providing an identity and 

operating parameters to the component. 

The present invention further provides a device 
with an analog or digital input or output. The device 
comprises a control portion and a functional portion operably 

15 connected and controlled by the control portion. The 

functional portion is operably capable of providing an analog 
or digital input or output. The control portion includes an 
external communications port operably connected to a control 
bus, an actuator responsive to a non- invasive signal, and a 

20 controller operably connected to the external communications 

port and capable of sending and receiving communications 
through that port. The controller is operably connected to the 
actuator and receives a signal from the actuator. The 
controller transmits a signal to the external port upon receipt 

25 of an actuator signal. 

The present invention additionally provides a 
method of guiding a technician in manufacturing a communication 
system having a bus, a main controller, a plurality of 
components, and a subcontroller associated with each component. 

30 The method comprises the steps of: attaching a tester 

controller to the bus; providing a path from the tester 
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controller to the technician; instructing, on the path, the 
technician to attach a specific one of the plurality of 
components to the bus; signaling, with a first signal from the 
technician to the tester controller, upon completion of the 
5 component attachment; signaling, with a second signal from the 

tester controller to the technician, to confirm receipt of the 
first signal; causing the subcontroller to signal the main 
controller; and configuring the subcontroller by transmitting 
configuration instructions from the main controller to the 

10 subcontroller over the bus. 

The present invention still further provides a 
method of integrating the manufacture of a product by a 
plurality of businesses. The method comprises generating a 
sales order in an electronic form; converting the sales order 

15 to an electronic build document; transferring the electronic 

build document to a first company for the construction of a 
first subassembly for the product; testing the subassembly of 
the first company; attaching the test results to the electronic 
build document; forwarding the electronic build document to a 

2 0 second company for main assembly; attaching a communications 

bus to the product; testing the operability of the bus; adding 
the bus operability test results to the electronic build 
document; attaching the first subassembly to the bus; testing 
the operability of the first subassembly and the bus; attaching 

2 5 the subassembly and bus operability test results to the 

electronic build document; and shipping the product. 

The present invention yet further provides a method 
of manufacturing a distributed control system for a product 
having a plurality of components, each component including a 

3 0 functional portion and a controller portion. The method 

comprises the steps of: attaching a communications bus to the 
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product; attaching the functional portion of a component to the 
product and attaching the controller portion of a component to 
the bus; causing the controller portion to send a self- 
identifying signal on the bus; receiving the self -identifying 
5 signal in a configuring controller; transmitting from the 

configuring controller to the controller portion a signal 
including an identifier and operating parameters; receiving the 
identifier and the operating parameters in the controller 
portion; and configuring the controller portion in accordance 

10 with the identifier and the operating parameters. 

The present invention additionally provides a 
method of building a product. The method comprises the steps 
of: creating an electronic build document cataloging the 
features and requirements for the product; forwarding the 

15 electronic build document to at least one component 

manufacturer, each component manufacturer building one or more 
components, testing the operability of said one or more 
components, and attaching the test results to the electronic 
build document to create a modified electronic build document; 

20 forwarding the modified electronic build document to a final 

assembly location wherein the one or more components and other 
materials are assembled into the product; testing the assembled 
product; and attaching the test results for the assembled 
product to the modified electronic build file to create a final 

25 electronic build file. 

The present invention also provides a method of 
doing business. The method comprises the steps of: 
electronically creating a customer order which includes the 
requirements and components for a product desired by the 

30 customer; developing a bill of materials from the electronic 

order detailing the parts and materials required to build the 
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product; developing an electronic specification from the 
customer order detailing the components, subassemblies and 
product required by the customer; sequentially transmitting the 
specification to the manufacturer of each component, assembly 
5 and final assembly, each manufacturer building the requisite 

component, subassembly or assembly, each manufacturer testing 
the requisite component, subassembly or assembly, and each 
manufacturer attaching the test results to the electronic 
specification; and periodically checking the electronic bill of 

10 materials versus the electronic specification to verify the 

compatibility and accuracy thereof. 

The present invention moreover provides a bus 
analyzer system. The system comprises a communications bus; 
and an integral analyzer device operably connected to the bus 

15 and configured to receive signals thereon. The analyzing 

device includes a scope instrument and a voltage meter 
instrument configured to receive those signals. The system 
also comprises a computer operably connected to the scope and 
voltage meter instruments such that the scope and voltage meter 

20 instruments and the computer collectively analyze the bus and 

determine corrective actions as needed. The present invention 
yet further provides that the scope and voltage meter 
instruments include the capability to analyze 24 VDC signals 
and ground signals for DC voltage magnitude and AC components 

25 and that the scope and voltage meter instruments include the 

capabilities to analyze communications plus and minus lines for 
magnitude and to determine an RS485 differential signal to 
verify signals to be within design limits. The invention also 
provides that the scope and voltage meter instruments include 

3 0 the capability to test for common mode characteristics such as 

magnitude with respect to ground and differential and common 
mode signal aspects for logic 1 and logic 0 signals. 



The present invention moreover provides a method of 
verifying the integrity of a communications bus having a power 
line and a communications line. The method comprises the steps 
of: analyzing a signal in the power line to determine a 
quality thereof; analyzing a signal on a communications line to 
determine a quality thereof; generating a power analysis result 
signal as a function of the power line signal analysis; 
generating a communications line analysis result signal as a 
function of the communications line signal analysis; receiving 
the power line and communications line result signals in a 
controller; evaluating the received signals; and providing a 
comprehensive analysis of the power line, the communications 
line, the power line signal, the communications line signal, 
communications bus, and any components attached thereto. 

The present invention yet further provides a 
monitor for a communications bus having a power line and a 
communications line. The monitor comprises a power line 
analyzer, a communications line analyzer and a controller. The 
power line analyzer is operably connected to a source of power 
and has circuitry and programs to analyze the transmissions on 
the power line and to generate a first signal with the analysis 
results. The communications line analyzer is operably 
connected to the communications line and has circuitry and 
programs to analyze communication signals on the communications 
line and to generate a second signal with the analysis results. 
The controller is operably connected to the power line analyzer 
and the data line analyzer for receiving the first and second 
signals and is operably capable of evaluating the content of 
the first and second signals and providing an analysis of the 
signals, the power line, the communications line and the 
communications bus as well as any attached components. 
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Brief Description of the Drawings 

Figure 1 is a diagram of a product equipped with a 
communications bus and components in accordance with the 
5 present invention. 

Figure 2 is a diagram of a bus and its components 
in accordance with the present invention. 

Figure 3 is a diagram of the product sale to 
manufacture of a product in accordance with the present 
10 invention. 

Figure 4 is a flow chart of a method of doing 
business in accordance with the present invention. 

Figure 5 is a diagram of the manufacture and test 
of the bus and components in accordance with the present 
15 invention. 

Figure 6 is a flow chart of a method of manufacture 
of a product in accordance with the present invention. 

Figure 7 shows a magnetically actuatable component 
in accordance with the bus of Figure 5 . 
20 Figure 8 shows a communications bus, components and 

bus signal analyzer in accordance with the present invention. 

Detailed Description of the Invention 

25 The present invention is directed to the 

manufacture, testing and operation of a communications and 
control system for a industrial or process product . In the 
preferred embodiment, such a product is embodied by a chiller 
system cooling an air conditioning fluid like those used in the 

30 HVAC system. Examples of such chiller systems are sold by The 

Trane Company, a Division of American Standard Inc., under the 
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trademarks CenTraVac™, Cold Generator™ and Series R™ . However, 
a person of ordinary skill in the art will recognize that such 
a control system including a communications bus and the 
communicating components connected to that bus are readily 
5 applicable to many other products including industrial 

tractors, construction equipment such as cranes , dump trucks 
and bulldozers, truck braking systems, sanitation truck control 
systems, automated factory equipment, medical systems, paper 
mills, elevator controls, security systems, and other devices 

10 with electrical power control, mechanical actuator control, 

hydraulic pressure control, temperature or pressure control, 
and/or fluid pressure control. The term 'product' is used 
generically throughout this application to encompass all such 
devices as well as the myriad of other devices with similar 

15 features or capability. 

Figure 1 shows a product 10 such as a chiller 
system for use in providing chilled water for heating, 
ventilating and air conditioning (HVAC) applications. The 
chiller is comprised of a compressor 12, a condenser 14 and an 

20 evaporator 16. The compressor 12 is preferably a screw 

compressor whose capacity is controlled by a slide valve 120 
but could also be a centrifugal compressor or any other 
compressor with its respective form of capacity control. 

Refrigerant gas is compressed within the compressor 

25 12 and directed out a discharge 18 into piping 20 which 

connects the compressor 12 to the condenser 14 . In the 
preferred embodiment, the high pressure, relatively hot 
compressed refrigerant gas delivered to the condenser 14 will 
be cooled by air moved over the condenser 14 by one or more 

3 0 fans 22, each having a motor 23 controlled by a fan controller 

24 . The condenser 14 may be cooled in various other ways 
including the use of a fluid such as city water or the use of a 
cooling tower. 
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The heat exchange process occurring within the 
condenser 14 causes the relatively hot, compressed refrigerant 
gas to cool condense and pool in the bottom or lower area of 
the condenser 14 . The condensed refrigerant then flows out of 
5 the condenser 14 through discharge piping 26 and is next 

delivered, primarily in liquid form, into the evaporator 16 . 
The transfer of refrigerant from the condenser 14 to the 
evaporator 16 is controlled by an expansion device 28 such as 
an expansion valve, 

10 Relatively cool, low pressure liquid refrigerant is 

delivered to the evaporator 16, where the refrigerant undergoes 
heat exchange with and cools the relatively warmer medium, 
preferably such as water, that enters the evaporator 16 through 
an inlet 56 and exits through an outlet 58. That now cooled 

15 medium is, in turn, delivered into heat exchange contact with 

the heat load which it is the purpose of the chiller to cool. 

In the process of cooling the medium which flows 
through the evaporator 16 and being heated thereby, the liquid 
refrigerant delivered to the evaporator 16 vaporizes and is 

20 directed to piping 60 as a low pressure gas back to the 

compressor 12 . The refrigerant gas is then again compressed in 
an ongoing and repetitive process whenever the chiller is 
operational . 

The operation of the product 10 is controlled by a 
25 controller 70 using a communications bus 72 to communicate with 

a plurality of components 74, each of which provides digital or 
analog inputs or outputs associated with the operation of the 
product 10 . 

Specifically referencing Figure 2, the variety of 
30 components 74 include quad relay outputs 76, dual relay outputs 

78, dual triac outputs 80, dual analog I/O 82, dual inverter 
interfaces 84, Comm 5 communication interfaces 86, starter 
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modules 88, dual high voltage binary inputs 90, dual low 
voltage binary inputs 92, frame connectors 94, devices such as 
expansion valves 96, pressure sensors 98, level sensors 102 and 
temperature sensors 104. The communications interface 86 
5 allows a building automation system 10 7 to integrate the 

operation of a product 10 with the operation of other similar 
or dissimilar products in a common environment. The 
communications bus 72 is preferably a four wire bus including a 
power wire supplied by a power supply 106, a common line and 

10 two communications lines. 

The controller 7 0 preferably includes a 
microprocessor 10 8 operably connected to the bus 72 by a line 
110, a memory portion 112 connected to the microprocessor 108, 
and a user interface 114 allowing the display, reception of, 

15 and response to user input . 

Now again referencing Figure 1, the communications 
bus 72 and components 74 of Figure 2 are shown as applied in 
the simplified form to the product 10 of Figure 1. Temperature 
sensors 104, 104 respectively measure the entering water 

20 temperature 120 and the leaving water temperature 122 of water 

cooled by the evaporator 16 . Pressure sensors 102 measure the 
pressure 124 within the condenser 14, and temperature sensors 
104 measure the temperature 126. The expansion valve 28 is 
controlled by an expansion valve actuator 96. Additionally, 

25 compressor capacity may be controlled by a slide valve 

controller 132. 

As described in the Background section, the 
installation, verification and configuration of a plurality of 
low level intelligent devices provides a plethora of 

30 opportunities for error. Operator error can be substantially 

reduced by limiting the number of human inputs, by cross 
checking each installation step, and integrating and reducing 
the number of installation steps. 
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Figures 3 and 4 are a diagram of the build sequence 
of a product 10 in accordance with, the present invention. 

Figure 3 starts with a salesman 150 entering an 
order 152 for a product 10 into a personal computer 154 or the 
5 like and transmitting that order 152 by any conventional 

communication means 156 (including the internet) to a 
coordinating operation 160. The coordinating operation 160 
receives the order 152, and generates a specification 162 and a 
bill of materials 164. 

10 The specification 162 describes how the parts and 

components are generally assembled into the product 10. The 
specification 162 is stored as an electronic build document, 
preferably as XML format , on a server 167 with intranet and/or 
dialup communication access capabilities. For purposes of this 

15 application, letter codes are occasionally attached to the 

specification's reference numeral 162, but the reference 
numeral 162 is intended to encompass all versions of the 
specifications . 

The bill of materials 164 identifies each part and 

20 component necessary to build the product 10 identified by the 

order 152. The bill of materials 164 is typically forwarded to 
a purchasing department 166 some period of time prior to actual 
manufacture of the product 10 so that the purchasing department 
166 can ensure that the requisite number of parts and 

25 components are available when needed for manufacture. 

Storing the specification 162s on the server 167 
with internet capabilities allows the specification 162s to be 
accessed by various component suppliers 168. The component 
suppliers 168 access the specification 162, build a particular 

30 component or subassembly in accordance with the specification 

162, and test the operation of the component or subassembly. 
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The test results are appended to the specification 162 and 
returned to the server 167. Alternatively, the specification 
162 could be forwarded directly to another component 
manufacturer to initiate the manufacture of another component, 
5 or could be forwarded to the product manufacturer for final 

assembly (see dashed line 165) . 

At some point, the various required components and 
subassemblies are completed, the results of their testing 
recorded in the specification 162, and the purchasing 

10 department 167 has acquired the necessary materials as detailed 

on the bill of materials 164 in order to complete a final 
assembly of the product 10 . 

In such case, the specification 162 with all 
component and subassembly test results is forwarded to a 

15 manufacturing unit 156 to assemble the product 10, to attach 

the communications bus 72 and the components 74 to the product 
10, and to test and configure the bus 72 and the components 74 
both individually and as part of a cohesive hole in the product 
10. The results of such testing and verification are appended 

2 0 to the specification 162 and stored in a local server database 

169. Prior to final shipment, the specification 162L stored on 
the server 169 is downloaded to the manufacturing location 
(usually the same manufacturing location but now indicated by 
reference numeral 158 for the sake of clarity) . 

25 While assembly of parts, components, subassemblies 

and the final assembly occurs, the version of the specification 
162 stored on the server 167 (162s) can be updated by "last 
minute" order changes from the customer. The version of the 
specification 162 on the server 167 (162L) is therefore 

30 compared with the version of the specification stored on the 

local server 169 (162s) to determine if the addition of any 
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components 74 or modifications to the product 10 are required. 
These modifications are made if necessary, and the components 
74 are configured and verified and tested. The results are 
then appended to the specification 162 as integrated between 
5 the versions stored on the server 167 and the local server 169 

(162s, 162L) * The product 10 is then shipped to the customer. 

Figure 4 illustrates the manufacture and test of 
the bus 72 and component 74 in accordance with the present 
invention as may occur at a component manufacturer 166 or at 

10 the manufacturing location 156, 158. 

The specification 162 is provided to a tester 
device 17 0 which generates build and test instruction 172 for 
building the desired product 10 . These build and test 
instructions 172 are preferably in the Java XML format as 

15 implemented in an XML file. The tester device 170 takes the 

XML file and generates installation sequence instructions 176 
for the actual manufacture of the product 10. Both the XML 
file 174 and the installation sequence file 176 are cross 
checked with the specification 162 and with the bill of 

20 materials 164 for discrepancies, errors, or omissions. Once 

this cross check is completed, the actual manufacture of the 
product 10 can be commenced. The tester device 170 builds the 
product 10 using the installation sequence 176. 

Figures 5 and 6 show a flow chart 200 directed to 

25 the manufacture of a product 10 by the tester device 170. 

Although the actual manufacture of a product 10 includes the 
construction and assembly of the compressor 12, evaporator 16 
and condenser 14 as well as many other parts, the present 
invention is directed to the addition thereto of the bus 72 and 

3 0 its components 74 and the configuration, verification, testing 

and control thereof. Thus the flow chart 200 starts with the 
installation of the bus 72 into the product 10 as indicated by 
element 202 of the flow chart 200. 
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Once the communications bus 72 has been installed 
on the product 10, the tester device 170 verifies the operation 
of the bus at step 2 04. Once the bus operation has been 
verified, the tester device 17 0 requests the next individual 
5 component 74 which the installation sequence 176 indicates 

should be installed. This is done at step 206 of the flow 
chart 200. To make the request, the tester device 170 sends a 
signal to a display device 208 to provide a visual indication 
to a factory technician 210 as to the desired component 74. 
10 Step 212 indicates that the tester device 170 waits while the 

technician 210 installs the requested component 74 on the 
product 10 and physically connects the component 74 to the bus 
72 . 

At step 214 the technician 210 generates a signal 

15 to the tester device 170 indicating that the component 74 has 

been installed. In one form of the invention, the signal is a 
garage door type radio signal transmitted to a receiving 
section 178 of the tester device 170, identifying to the tester 
device 170 that the requested component 74 has been installed. 

20 In a second embodiment of the invention, the technician 210 

uses a magnet actuator 22 0 such as a magnet or a magnetic field 
generator to cause the component 74 to send a signal on the bus 
72 indicating to the tester device 17 0 that a component 74 has 
been added. This magnetic actuation of a signal is 

25 subsequently described. 

Once the tester device 170 has received the signal 
from the technician 210, the tester device 170 proceeds to step 
222 and analyzes the bus 72 and the new component 74 for 
operability. In the first embodiment discussed above where the 

3 0 technician 210 uses a radio transmitter, the tester device 170 

generates a further signal to the technician 210 indicating the 
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technician 210 should use the magnetic actuator 220. A visual 
or audio trigger is used to signal the technician 210 to 
generate step 224 and cause the component 74 to either send the 
electronic signal on the bus 72 or place the component 74 into 
5 a mode where it can be programmed. The technician 210 again 

signals the tester device 170 to indicate completion of task. 
In all cases, the tester device 170 recognizes the signal from 
the newly installed component 74 at step 230. 

At step 232 the tester device 170 then binds the 

10 component 74 as a node in the control system for the product 

10. Binding the node is a term in the industry indicating that 
the tester device 170 gives the component 74 a unique identity 
which the component 74 can use for transmitting and receiving 
messages on the bus 72 . The binding of a node also encompasses 

15 the tester device 170 determining the type and functionality of 

component 74 that has been installed (usually from the 
specification 162) and providing the appropriate operating 
parameters to the component 74 by means of the bus 72 as 
indicated by step 234. 

20 At step 236, the tester device 170 checks the 

installation sequence 176 to determine whether all components 
74 have been installed. If not, the sequence of flow chart 200 
is again started at step 204. If each component has been 
installed, then the tester device 170 completes operation at 

25 step 238 and appends the test results to the specification 162. 

Referring to Figure 7, each component 74 includes a 
functional portion 300 and a control portion 302. The 
functional portion 300 may be any digital or analog input or 
output conventionally used to control product 10 including the 

30 multiplicity of components 74 described above. The control 

portion 3 02 includes a microprocessor 304, and an external 
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communications port 306 operably connecting the microprocessor 
304 to the communications bus 72. The microprocessor 304 
includes an operable connection to the functional portion 300 
allowing the control portion 3 02 to transfer digital or analog 
5 input or output to or from that functional portion 300. The 

control portion 3 02 also includes a non- invasive actuating 
device 310 operably connected to the microprocessor 304. 
Although there are a number of available non- invasive 
techniques , applicant prefers a normally open or normally 

10 closed (normally closed is shown) circuit which includes an 

element 312 movable by means of a magnetic field actuated by 
the magnetic actuator 220. The technician 210 can use the 
magnet actuator 220 to move the element 312 from its normally 
closed position to an open position breaking the signal 

15 provided to the microprocessor 304 (or in the normally open 

position closing the circuit and providing a signal to the 
microprocessor 3 04) . In either case, this signal change is 
recognized by the microprocessor 304. 

In one embodiment, the microprocessor 304 then 

2 0 examines a memory portion 320 to determine if the 

microprocessor 304 has already been provided with and has 
recorded an identity and operating parameters. If the 
microprocessor 304 does not already have an identity and 
operating parameters in its memory portion 320, then the 
25 control portion 3 02 generates a signal on the communications 

bus 72 to the tester device 17 0 indication that the 
microprocessor 304 is a new node to be bound to the system. 
The control portion 3 02 then awaits a return signal from the 
testing device 170 providing the requisite identity and 

3 0 operating parameters. However, if the microprocessor 304 

determined that an identity and operating parameters have 
already been received, then the signal from the actuating 
device 310 is ignored. 
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In another preferred embodiment, the control 
portion 302 always places itself in programming mode if the 
element 312 detects a magnetic filed. In this embodiment, the 
tester device 170 or controller 70 always queries a component 
5 74 to ascertain if it has been programmed before the tester 

device 170 or controller 70 issues programming instructions. 

Figure 8 shows the communications bus 72, the 
controller 70, a component 74, and a bus signal analyzer 340 
electrically connected to the communications bus 72 by a flat 

10 ribbon cable 342. The bus signal analyzer 340 is also 

electrically connected to the tester device 17 0 by an 
electrical connection 344 . 

The communications bus 72 is shown in its preferred 
embodiment of a four wire flat ribbon cable including a 24 VDC 

15 line 350, a ground line 352, a communications plus line 354 and 

a communications minus line 356. Preferably, the lines 350, 
352 are of a first larger gauge wire while the lines 354, 356 
are of a second lesser gauge wire. 

The ribbon cable 342 is similarly comprised of a 

20 connection 360 to the 24 VDC line, a connection 362 to the 

ground line, a connection 364 to the communications plus line, 
and a connection 3 66 to the communications minus line of the 
bus 72. This allows the bus signal analyzer 340 to monitor 
each of the lines 350, 352, 354 and 356 independently and in 

25 combination. Preferably, the bus signal analyzer 340 is 

physically attached to the bus 72 between the controller 70 and 
the component (s) 74 of the communications bus 72. The bus 
signal analyzer 340 includes scope 3 70 and voltage meter 372 
instruments as well as a personal computer 374 which receives 

30 signal information from these instruments 370, 372. 
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More specifically, the 24 VDC and ground signals 
350, 352 of the communications bus 72 are brought into the 
meter instrument 3 70 by lines 360, 362 so that aspects of these 
signals may be analyzed. Specifically, the meter instrument 
5 3 70 determines DC voltage magnitude as well as the AC component 

carried by the lines 350, 352. The DC voltage magnitude and 
the AC component are compared to acceptable high and low ranges 
stored in the PC 3 74 as database values. Each 24 VDC and 
ground signal has its own set of limits, and each signal is 

10 analyzed to determine if the signal is acceptable and, if not, 

which signal parameters are out of specification. The signals 
are also examined as a group to more intelligently pinpoint the 
root cause of a potential problem. 

Similarly, the plus and minus communications lines 

15 354, 356 are brought into the scope instrument 372 as indicated 

by lines 364, 366. This enables the communications plus and 
minus signals to be parsed or segregated very finely to allow 
detailed analysis of their structure. Additionally, the 
magnitudes of each of the plus and minus communication signals 

20 are examined and compared to predetermined acceptable ranges. 

Since the preferred embodiment of the communications bus and 
its protocol is implemented as RS4 85, various aspects of the 
communications plus and minus signals are looked at and 
compared to specified acceptable ranges. For RS485, the 

25 differential signal is key to proper communications and the 

acceptable range is not the limits per RS485 (which can be as 
low as 0.2 volts differential) but rather the design limits of 
the controller 70 and components 74 used. The bus signal 
analyzer 340 verifies that the signals are within these design 

30 limits which carry significant margin above what RS485 

requires. This ensures robust field operation when applied to 
environments with wide variations in noise. 
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The communication signals 354, 356 are also looked 
at for proper common load characteristics. The magnitude of 
the communications plus and minus signals are looked at with 
respect to ground. Even though the RS485 specification allows 
5 for huge variations in common mode values since RS485 really- 

only cares about the differential, the limits for common mode 
operations are held very tightly, in fact far tighter than what 
RS4 85 specifications require. Empirical knowledge of the 
communications circuitry involved is used to determine these 

10 acceptable ranges . The common mode values vary only so much 

based upon leakages, tolerances, fanout and other parameters 
including the design characteristics. Variances indicate from 
the common mode values causes the bus signal analyzer 340 to 
generate an alarm even though communications are good as far as 

15 the RS485 specifications are concerned. Using the information 

connected from all signals, the root cause solution is 
determined and annunciated to an operator such as the assembly 
technician 210. 

The bus signal analyzer 340 also examines 

20 differential and common load aspects of the signal in each of 

the logic 1 and logic 0 states since different problems 
manifest differently. By looking at both states and including 
these in the signal analysis, a root cause is more clearly 
identified as well as minimizing the probability of an 

25 undetected problem. The bus signal analyzer 340 also 

distinguishes the signals being driven by the controller 70 and 
the component 74. Since the bus signal analyzer 340 is 
directly communicating but at line 344 with the tester device 
170, the bus signal analyzer 340 knows which component 74 is 

3 0 communicating at any particular time. Thus the signals from 

that component 74 may be directly analyzed and the 
identification and annunciation of any problems occurs 
immediately. 
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The bus signal analyzer 340 continually monitors 
the bus so that if the connection of a component 74 to the bus 
72 results in the bus 72 going out of specification, immediate 
annunciation of the problem occurs and the problem is 
identified immediately. 

It will be apparent to a person of ordinary skill 
that many modifications and alterations are contemplated in the 
present device and invention. Such modifications and 
alterations include application to the wide variety of other 
devices, the modification of the bus 72 to forms other than a 
flow wire system including fiberoptic, coaxial cable, wireless 
and other forms of communication. All such modifications or 
alterations are contemplated to fall within the spirit and 
scope of the claimed invention. 

What is desired to be secured for Letters Patent of 
the United States is set forth in the following claims: 



